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BACKGROUND
Several studies have analyzed the functions of foods and dietary constituents in the dynamics of alcohol metabolism following their oral ingestion. Alcohol and its metabolites exert various physiological effects in the human body [1] [2] [3] ; therefore, elucidating the functions of foods or dietary components in alcohol pharmacokinetics is very important to regulate alcohol levels and thereby reduce the harmful effects of alcohol or its metabolites on human health. Many dietary compounds have been employed to increase the rate of alcohol metabolism in vivo, including amino acids, carbohydrates, and vitamins. For example, oral fructose or sucrose stimulates the elimination of alcohol from the blood stream of healthy subjects or alcoholics [4] [5] [6] . Pyruvate increases the oxidation of alcohol, an effect that was attributed a coupled oxidation-reduction reaction between alcohol and pyruvate. Moreover, the conversion of alanine to pyruvate by oxidative deamination is a well-known metabolic reaction, and it was reported that the ability of alanine to decrease the blood ethanol concentration (BEC) could be attributed to the formation of pyruvate [7] . The ingestion of corn peptide rich in alanine reduced the increase in BEC after alcohol intake by markedly increasing plasma alanine and leucine levels compared with the water ingestion control group [8] .
The metabolic pathways described above generate NAD+, which facilitates alcohol oxidation in the liver via the conversion of pyruvate to lactate. However, the most important effect of food on the dynamics of alcohol is the prolonged retention of alcohol in the stomach. It is now well established that the rate of gastric emptying is a major determinant of alcohol absorption. After the ingestion of meals, gastric emptying is paced to deliver nutrients to the duodenum [9] . Thus, alcohol consumed after food high in calories, regardless of the nutritional composition (e.g., high fat, high protein, or high carbohydrate), is likely released into the duodenum more slowly, thereby reducing the rate of absorption and attenuating the subsequent BEC [10] . In addition, alcohol may be metabolized before it reaches the systemic circulation because it can be removed presystemically via "first pass metabolism" [11] . The first pass metabolism of alcohol is likely to be modulated significantly by the gastric emptying rate. A previous study suggested that delayed gastric emptying increases the time that alcohol is exposed to gastric ADH, and thereby increases the gastric first pass metabolism of alcohol. In addition, the hepatic first pass metabolism of alcohol may be enhanced as a result of the slower absorption of alcohol from the small intestine [12] .
Most social alcohol drinking occurs with concurrent food consumption; therefore, we consider that the effect of dietary components on the gastric emptying rate is very important to regulate the dynamics of alcohol metabolism. Dietary fibers can reduce the glycemic index at least in part by the delaying gastric emptying [13] . However, to the best of our knowledge, few studies have assessed the effects of dietary fibers on the dynamics of alcohol metabolism.
Thus, in this study, we assessed the effects of botanical foods that contain dietary fibers on alcohol metabolism. Data revealed a strong lowering effect of water-insoluble fractions (WIFs) (predominantly water-insoluble dietary fibers) of botanical foods on BEC after ethanol administration in almost direct proportion to physically maintaining ethanol solution.
MATERIALS AND METHODS

Materials
Ethanol was obtained from Kanto Chemical Co., Inc. (Tokyo, Japan). Commercially available purees of vegetables, fruits, and legumes, including apples, asparagus, broccoli, burdock, corn, green peas, mangoes, peaches, pears, pimento (green, red, and yellow), pumpkin, strawberries, and tomato paste, were kindly provided by Kagome Co., Ltd. (Tokyo, Japan). Cabbage paste and carrot puree were purchased from Danfoods Co., Ltd. (Aichi, Japan). Concentrated orange juice was provided by Asahi Soft Drinks Co., Ltd. (Tokyo, Japan). One kilogram of each botanical food puree or paste was added to 3 L of water, stirred thoroughly, and then centrifuged at 3,000 rpm for 10 min. The supernatant was then removed carefully to eliminate water-soluble constituents. The washes were repeated until the Brix value in the supernatant solution reached 0. The precipitates were then frozen and freeze-dried to obtain a WIF of each vegetable and fruit in the form of dry powder. The resulting powders were stored in a desiccator attached to a vacuum aspirator at room temperature until their ethanol-maintaining ability was assessed or until use in Experiment 1.
Preparation of water-insoluble fractions
Preparation of water-soluble or insoluble fractions of tomato paste
For Experiment 2, 35 g of tomato paste was diluted using distilled water to a final volume of 100 mL, stirred thoroughly, and centrifuged at 3,000 rpm for 20 min. The resulting supernatant and precipitate were diluted using distilled water to 100 mL and washed again; the precipitate was washed three times. This yielded 100 mL of supernatant solution (6.3 Brix) as the water-soluble fraction of diluted tomato paste (9.0 Brix) and 100 mL of precipitate as WIF. The precipitate contained 1.0% (w/v) WIF fraction. Samples were stored at 5°C until use in Experiment 2.
Ethanol-maintaining ability of water-insoluble fractions
It is known that polysaccharides exhibit water-absorbing properties [14] . However, it is unclear whether they can also absorb alcohol or alcohol-containing solutions. Therefore, easily handled filtration experiments were performed to examine the ethanol-maintaining ability of WIFs of some vegetables and fruits. Briefly, solutions containing 0.5% (w/v) WIF of each botanical food and 15% (v/v) ethanol in distilled water were prepared. A circular filter paper (110 mm diameter, Tokyo Roshi Kaisha Ltd., Tokyo, Japan) was placed on a cone-shaped funnel, and 10 mL of the each fluid specimen (or 15% ethanol solution as the control) were poured on the filter paper at room temperature under atmospheric conditions. After 5 min, the filtered volume (mL) of ethanol solution was analyzed three times.
Animal studies
Animal studies were performed in accordance with the ethical guidelines for animal care, and the animal care committee of Asahi Group Holdings Ltd. (Ibaraki, Japan) approved the experimental protocol. F344 male rats were obtained from Japan SLC Inc. (Hamamatsu, Japan). The animals were housed in a room maintained at 25°C with 55% relative humidity, and were given ad libitum access to laboratory chow pellets and tap water in individual stainless steel cages until For Experiment 1, 4-6 rats weighing 180-250 g per group were fasted overnight and assigned to groups that received one of the 18 WIFs of the different botanical foods or to the control group. All rats were given 20 mL/kg of either water containing 2.5% (w/v) WIF or water alone (control) orally. They were then given 30% ethanol solution twice (total ethanol dose, 4.0 g/kg): once 30 min later and once 60 min later. Four hours after the oral administration of alcohol, blood samples were collected from the tail vein of each rat. This time point was selected because we had established that BEC peaked approximately 4 h after the administration of alcohol via this method by our preliminary experiments [15] .
In Experiment 2, male F344 rats (n = 4/group) weighing 260-360 g were fasted for 24 h and then assigned randomly to groups that received 20 mL/kg of either the water-soluble fraction or WIF of diluted tomato paste or water (control) orally. They were then given 30% ethanol solution twice (total ethanol dose, 4.0 g/kg): once 30 min later and once 60 min later. Blood samples were then collected from the large vein of each rat after 2 h, and the stomach was ligated immediately at both the cardiac and pyloric regions and harvested under carbon dioxide anesthesia. The total fluids in the stomach were diluted using distilled water to a total volume of 50 mL. The residual ethanol in the stomach was calculated as a percentage of the total ethanol dose.
Measuring BEC and residual ethanol in the stomach
The amount of ethanol in the blood and residual fluid in the stomach was measured using headspace gas chromatography as described previously [16] . Briefly, blood or stomach fluid samples (50 µL) were treated immediately with 2.5 mL of ice-cold 4% (w/v) perchloric acid (PCA) with ethanol-d6 added as an internal standard in a capped tube. After centrifugation at 3,000 rpm for 10 min at 4°C, 2.0 mL of supernatant was transferred to a glass vial containing 0.50 g of solid NaCl, and the PCA-treated samples were applied to a GC-MS system. The GC-MS analysis was performed using an Agilent 6890 N gas chromatography instrument coupled with an Agilent MS-5975C inert XL mass selective detector and an Agilent headspace sampler G1888 (Agilent Technologies, Little Fall, NY, USA). A capillary DB-WAX column (60 m × 0.25 mm, Agilent J & W GC Columns) was used to separate the ethanol peak fraction. The initial temperature of 35°C was maintained for 3 min, was increased to 80°C at a rate of 4°C/min, was increased to 240°C at a rate of 20°C/min, and then maintained at 240°C for 4 min. The split ratio was 1:20, and helium was used as a carrier gas at a flow rate of 1.0 mL/min. The injector and detector temperatures were 210°C and 250°C, respectively. The ethanol and ethanol-d6 (Merck, 99% D anhydrous) peaks in the treated samples were identified by comparisons with the retention times and mass spectra of known standards.
Statistical analyses
Simple linear regression (Pearson's) analysis was performed to examine the correlation between BEC (mg/mL) and the filtered volume (mL) of each WIF of experimental botanical foods to assess the relationship between blood alcohol lowering effects and the ethanol-maintaining ability. The relationship was calculated as a correlation coefficient (r) using Dr. SPSS II software (SPSS Inc.). Differences in BEC or residual alcohol in the stomach among groups in the animal study were analyzed using one-way analysis of variance (ANOVA) followed by Tukey's HSD test. Means with the same superscript letter are not significantly different (p < 0.05).
RESULTS
The ability of WIF of each of the 18 botanical foods to maintain a 15% (v/v) ethanol solution is
shown in Figure 1 . During filtration, the ethanol solution in the fluids dripped through the filter paper more slowly when WIF exhibited strong ethanol-maintaining ability. The filtered volume of dropped ethanol solution over 5 min as the control was 5.47 ± 0.12 mL. The volumes of the ethanol solutions containing all botanical foods except for green peas were decreased compared with those of the control. Moreover, the volumes varied greatly among the botanical foods. In particular, we observed that a smaller filtered volume of the WIF of mangoes or tomatoes had a stronger ethanol-maintaining ability (0.23 ± 0.06 mL and 0.30 ± 0.01 mL, respectively).
We next performed simple linear regression (Pearson's) analysis to examine the correlation between the filtered volumes and the BEC of rats that received the WIF of experimental botanical foods 4 h after ethanol ingestion. As shown in Figure 2 , the correlation coefficient between the filtered volume and BEC was r = 0.862, and the two parameters were significantly correlated (p < 0.001).
The residual ethanol in the stomach and BEC 2 h after the administration of ethanol in Experiment 2 are presented in Table 1 . The residual gastric ethanol in water controls, the water-soluble fraction group, and the WIF group was 26.8%, 23.7%, and 51.9%, respectively.
There was no significant difference between controls and the water-soluble fraction group; however, the amount of gastric ethanol was increased significantly in the WIF group compared with controls and the supernatant group. The BEC in controls and the supernatant group was 3.30 mg/mL and 3.14 mg/mL, respectively, 2 h after the administration of 4.0 g/kg of ethanol.
However, BEC was 1.88 mg/mL in the WIF group, which was decreased significantly compared with that in controls and the supernatant group. 
DISCUSSION
To the best of our knowledge, no previous studies have focused on the ethanol-absorbing properties of dietary fibers, though it is well known water-absorbing actions of those components [17] . In addition, the blood alcohol-lowering effects of dietary fibers in vivo likely involve delaying gastric emptying. The current study revealed that WIFs of botanical foods, which are mostly water-insoluble dietary fibers, possessed the ability to absorb ethanol-containing solutions. This ability strongly correlated with the inhibition of the blood ethanol response, probably by delaying gastric emptying. It is known that the ingestion of food with alcohol delays the absorption of the alcohol, and that this is essentially due to the effects of food on gastric emptying. The current study confirmed that precipitates containing the WIF of tomatoes delayed the gastric emptying rate of ethanol solutions after oral administration to rats. Crude WIFs with water-soluble constituents that were removed were examined in the current study because of the difficulties associated with purifying insoluble dietary fibers from many kinds of botanical foods.
However, no reports that indicated small amounts of insoluble micronutrients, minerals, or lipids in WIF possess the ability to absorb ethanol-containing solutions. Therefore, the effects of WIF were likely due to insoluble dietary fibers.
Previous studies showed that the content of dietary fibers, which consist of cellulose, lignin, hemicellulose, pectins, gums, and mucilages, differed between raw and cooked botanical foods [18] [19] [20] [21] [22] . In addition, the cellulose and hemicellulose contents of vegetables were greatly reduced because of prolonged heating [23] . Therefore, WIFs of the botanical foods used in the current study were prepared by freeze-drying because the ethanol-absorbing actions may lower due to heating. Nevertheless, the results suggest that raw or mildly heated botanical foods rich in dietary fibers should be investigated further as potential dietary components for lowering blood alcohol levels in humans.
In the current study, the ethanol-absorbing properties and BEC lowering effects of WIFs of tomatoes were stronger than those of WIFs of other botanical foods, except for mangoes.
However, Ushida et al. reported that the concentrated aqueous fraction of tomato decreased BEC in rats [24] . The difference between these results may be caused by the degree of the condensation (Brix) of aqueous components in each tomato sample. This suggests that when alcohol is consumed after tomato intake, the WIF in tomatoes effectively decreases BEC, at least compared with consuming alcohol under fasting conditions, even if an inadequate amount of the aqueous components of tomatoes have been consumed. Specifically, the present study, the oral administration of 4.0 g/kg of ethanol in the fasted state resulted in a BEC of 3.30 mg/mL.
However, the same dose of ethanol following the administration of WIF of the diluted tomato paste resulted in a BEC of 1.88 mg/mL. Additional high quality studies are warranted to determine the effective amount of WIF of botanical foods in humans who consume alcohol to extrapolate the dosage of WIF from rat to human to reduce or ameliorate a drunkenness condition following the consumption of alcohol. The novel findings of the present study may be useful to help regulate the dynamics of alcohol metabolism using the dietary fibers in commonly consumed foods and to reduce some of the negative effects of alcohol or its metabolites on human health.
CONCLUSIONS
These results suggest that WIFs of botanical foods, which are mostly water-insoluble dietary fibers, possess the ability to absorb ethanol-containing solutions. In addition, this ability correlates strongly with the inhibition of the blood ethanol response. This is a previously unknown function of water-insoluble dietary fibers in common foods.
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